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Abstract
AIM: The purpose of this study is to determine the effects of calcium supplementation to decrease blood lead levels 
(BLLs) of children at high risk for chronic lead poisoning and to determine its effects on short-term memory.
MATERIALS AND METHODS: Children aged 8–12 years lived in the highest traffic density in Medan randomly 
included in this quasi-experimental study, divided into two groups (control and supplementation group received tablet 
contain four hundred milligrams oral calcium twice daily for 3 months). Samples for BLLs were collected before and 
after 3 months of supplementation, and short-term memory measurements are carried out by picture and forward 
digital span test. Descriptive statistics were calculated at baseline and 3 months; comparison between before and 
after treatment was assessed with t-tests, p < 0.05 considered statistically significant.
RESULTS: BLLs samples, who are exposed to lead for >6 months were ranging between 0.4–12 µg/dL. Median 
BLLs in supplementation group before treatment was 2.1 µg/dL and after treatment was 0.01 µg/dL (p < 0.01); 
difference between median in BLLs after treatment in supplementation group was 2.090 µg/dL (p = 0.004). Score 
memory picture in the supplementation group before treatment was 61.4 ± 24.83 and after treatment was 76.21 ± 
15.97 (p<0.01). Score memory digital span in the supplementation group before treatment was 5 (3–7) and after 
treatment was 7 (5–7) (p < 0.01). 
CONCLUSION: Three months of oral calcium supplementation 400 mg twice daily for high-risk chronic lead 
poisoning children reduced BLLs significantly and improved their short-term memory.
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Introduction
Lead is a naturally occurring metal, found 
throughout the environment. High levels of lead have 
entered the environment through human activities such 
as mining, industrial processes, and burning fuels [1]. 
Lead is used in hundreds of products, for example, as 
an additive in gasoline, in the production of batteries, as 
an additive in some paints, in solder, in making stained 
glass and crystal, for ammunition, in ceramic glazes, 
and in some cosmetics and traditional medicines. 
Drinking water delivered through lead pipes or pipes 
joined with lead solder may contain lead. Dust and soil 
are also a final resting place for the airborne lead from 
gasoline and dust from paint [2].
Children are most likely to be exposed to lead 
from automobile fumes and from ingestion of flakes 
and dust from decaying lead-based paint [3]. Lead in 
dust and soil can re-contaminate cleaned houses and 
contribute to elevated blood lead concentrations in 
children who play on bare, contaminated soil [4].
After it enters the body, lead is distributed to 
organs such as the kidneys, liver, and bones. The body 
stores lead in the teeth and bones, where it accumulates 
over time [5]. Lead poisoning is a serious child health [6]. 
This affects children’s brain development and their 
measurable level of intelligence (IQ) [7], [8]. The highest 
risk children are the very young (including fetuses) 
because their central nervous systems are still developing 
and the impoverished [9]. Undernourished children are 
more susceptible to lead because their bodies absorb 
more lead if other nutrients, such as calcium, are 
lacking [10], [11], [12]. Even blood lead levels (BLLs) that 
are around 10 ug/dl, once thought to be a safe level, may 
lead to decreased IQ in children, behavioral difficulties, 
and learning problems [13], [14], [15], [16], [17].
In Indonesia, children who live in urban areas 
with higher traffic density have a higher risk of lead 
poisoning [18], [19]. Our data indicate that Indonesian 
children living in an urban area are at increased risk 
for BLLs above the actual acceptable limit [20]. The 
increasing number of industries in Indonesia has been 
associated with rising heavy metal pollution in several 
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areas such as in Jakarta and Medan [21], [22], [23], [24]. 
Research conducted in the city of Medan and 
Yogyakarta found that there is an apparent link between 
the increases of the intensity of a motor vehicle with 
the air lead levels in these two cities [25]. In Medan, 
air lead levels are highest at terminal Amplas, that is, 
32.67 ug/m3, then at Pinang Baris and at Jalan Brigjend 
Katamso at the time of observation from 13.00 to 14.00 
is 23 ug/m3 [26]. While the air lead level threshold based 
on Government Regulation on air pollution control is 
2 ug/m3, this indicates that the air lead levels far above 
the city of Medan threshold value [27].
The definition of an elevated concentration 
of lead in the blood, according to the Centers for 
Disease Control and Prevention (CDC 1991), is 
10 ug/dl [28]. However, evidence indicating that 
some health effects can occur below this threshold is 
accumulating [29], [30]. Recent analyses suggest that 
health effects may become apparent at concentrations 
of <5 µg/dl and, indeed, that no evidence exists for a 
threshold, even at 1 µg/dl [31]. For the purpose of this 
study, the concentration of blood-lead incurring the 
lowest population risk was considered to be 0–1 µg/dl, 
in the absence of scientific consensus and pending 
further investigation. The measurement of blood-lead 
concentration in pre-industrial humans has shown that 
the contribution of natural sources of lead to human 
exposure is small; Flegal and Smith have estimated that 
pre-industrial humans had blood-lead concentrations of 
only 0.016 µg/dl [32].
From several previous studies, it is known that 
the administration of calcium in some cases can reduce 
BLLs [33], [34].
Given the health problems posed by lead in 
children quite dangerous as described by previous 
researchers, it is considered very necessary to find a 
way to prevent the effects of chronic lead exposure 
in children. Given the lead continuously removed by 
the exhaust of motor vehicles, leaded gasoline usage 
and industrial pollution [35] and also leaded paint in 
the city of Medan [36]; it can be absorbed by the body 
through the skin and breathing, plus the nature of the 
accumulation of lead that has been absorbed in the 
body, it is necessary to obtain a way to prevent elevated 
levels of lead or to drop lead levels in the blood. 
The treatment options for children with BLL 
<45 µg/dL are limited because chelation therapy is 
generally not indicated, but Calcium (Ca) and lead (Pb) 
interactions are well documented [37]. Studies have 
shown that calcium is one ingredient that can lower 
BLLs of children [33], [38], [39], [40], but the results 
were different, some did not find any benefit, some did; 
therefore, the role of calcium at reducing BLLs needs to 
be investigated.
The purpose of this study was to determine 
the effect of calcium supplementation on short-term 
memory of elementary school children who go to school 
in areas exposed to lead over a long period of time and 
determine whether BLLs affect a child’s short-term 
memory.
Research Methodology
Study design and population
This quasi-experimental design of a 
randomized clinical trial was conducted in school 
children (aged 8–12 years old, at the stage of concrete 
operational based on Piaget’s Cognitive Theory). The 
study subjects were at high risk of lead pollution in the 
city of Medan, who is domiciled and doing activities 
(school) in overcrowded vehicles. The exclusion criteria 
were children with kidney failure, abnormalities of brain 
dysfunction, history of allergies, or resigned after being 
given an explanation.
Measures
Subjects were divided into two groups 
using simple random sampling; one group as control 
(n = 25) and another group (n = 35) were treated 
by giving calcium supplements at a dose of 2 × 400 
mg daily for 3 months. Venous blood was collected 
from each child using vacutainer as much as ± 6 cc, 
before and after 3 months of treatment. The content 
of lead in blood (mg/dL) was measured in duplicate 
samples by atomic absorption spectrophotometry 
using a PerkinElmer spectrophotometer. A coefficient of 
variation <5% was reached before the analysis of actual 
samples. Digit Span Memory Test Online was used 
to assess short time memory. Study staff measured 
children anthropometry and administered feeding and 
demographic questionnaires before treatment was 
started. Children’s weight was measured in light clothing 
using a Seca scale. Height was measured using a Seca 
Stable Stadiometer for mobile height measurement.
Sampling process
Blood sampling to assess BLLs was carried 
out during school hours after approved by the Principal. 
A prior meeting had been held with students’ parents 
who attended school in grades 4, 5, and 6 aged 
8–12 years old. Parents and children who met the 
inclusion and exclusion criteria were explained about 
the research that would be conducted and requested 
approval. Parents and children are also asked to fill in 
the prepared questionnaire.
Staff from the Pramita Clinical Laboratory, 
Medan, who came to the school, carried out 
blood sampling. The National Medical Laboratory 
Accreditation Committee, accredited by ISO 15189: 
B - Clinical Sciences Pediatrics
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2012, has accredited this Pramita Clinical Laboratory. 
Laboratory staff came to school to collect student 
venous blood samples.
There were 62 children who fulfill the inclusion 
and exclusion criteria and were willing to take part in 
this study, but only 60 people get permission from 
their parents. Randomization was done to allocate the 
respondents into the supplementation and the control 
group. Among these 60 children who took the Digit 
Span Memory Task Online test for short-term memory 
examinations and then the blood samples were 
taken before and after the intervention, 57 children 
were remains (three children were dropped due to 
fear when taking blood samples). Hence, a total of 
57 children were included in this study, which was 
divided into 35 in the intervention group and 22 in the 
control group.
Every morning before starting the lesson, 
subjects chewed/swallowed the supplement caplet. At 
home, children chewed their supplements every day 
at dinner time after sunset in front of their parents. On 
school holidays, their parents give the morning and 
evening supplements. Likewise, if the child was not 
present at school because of illness or for other reasons, 
supplementation is done at home in the presence of his 
parents. The distribution of supplements was done at 
school 3 times (once a month) in a meeting between 
the authors, homerooms, and parents. At the meeting, 
a discussion was held on the implementation of given 
supplementation.
Examination of lead levels in the blood and a 
second memory test was carried out after 3 months (90 
days) of supplementation.
Statistical analysis
Descriptive statistics were calculated for the 
total sample at two visits (baseline, and 3 months). 
Means, standard deviations, and medians and ranges 
were used to summarize continuous variables and 
proportions for categorical variables. The comparison 
between two treatments was assessed by Student’s 
t-tests. Ordinal data when the assumptions of the 
t-test are not meet were assessed by Mann–Whitney 
U test. Statistical significance was defined as p < 
0.05.
Ethics
The study was conducted in Private Elementary 
Schools Al-Wasliyah Timbang Deli, Jalan Pertahanan, 
District Medan Amplas, Medan, Province of Sumatera 
Utara. Assent was obtained from the participated 
subjects with consent from their parents/guardians. The 
study was conducted after obtaining approval from the 
Health Research Ethical Committee of Medical School, 
Universitas Sumatera Utara.
Results
Study population
The result showed that the percentage of the 
respondent’s gender was 56% for male and 44% for 
female. More than half of the participants were well-
nourished and with family income below the minimum 
wages (Table 1).
Overall feeding patterns
The overall dietary patterns of respondents in 
both groups were almost the same. Not all respondents 
in their daily lives eat nutritious food in accordance 
with balanced food guidelines. There were 29.2% 
of respondents who did not consume milk; eggs and 
vegetable protein are the most consumed sources of 
protein. Most of the respondents were snacking on the 
roadside, that is, on street vendors who were around 
the school with their wheelbarrows. There is no canteen 
in the school. The habit of handwashing with soap was 
carried out by 77.9% of respondents. Respondents also 
carried out bad habits such as biting nails, pencils, or 
eating objects other than food.
Headaches were one of the symptoms that 
annoy respondents when studying at school and at 
home, although not all respondents often experience 
them (headaches were experienced by 29.82% of 
respondents) (Tables 2 and 3).
Table 1: Characteristics of the subjects
Characteristics Supplementation groups no 
(n = 35)
Control group 
(n = 22)
Age (years)
Range 8 – 12 8 – 12
Mean 10.09 9.82
Median 10 9.5
Gender, n (%)
Male 18 (51.43) 14 (63.64) 
Female 17 (48.57)  8 (36.36)
Child’s weight (kg)
Interval 21 – 52 18 – 46 
Mean 30.35 27.06
Median 29 26
Child’s height (cm)
Interval 120 – 147 119.5 – 146 
Mean 131.60 128.97
Median 131 127
BMI 
Range 11.7 – 25.8 11.8 – 25.05 
Mean 17.35 15.97
Median 16.32 14.94
Nutrition status, n (%)
Malnutrition 1 (2.86) 2 (9. 09)
Under nutrition 2 (5.71) 6 (27.27)
Well-nourished 21 (60) 11 (50)
Overweight 7 (20) 2 (9.09)
Obese 4 (11.43) 1 (4.55)
Income, n (%)
Below the minimum wages 18 (51.43)  12 (54.55)
Above the minimum wages 17 (48.57) 10 (45.45)
Short-term memory scores
After all the blood samples were taken, 
in the following week, the short-term memory test 
was started. Short-term memory testing was done 
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At the initial examination, there were 
four children who performed well for accuracy in 
remembering the images that appeared on the laptop 
screen, but none of them received response times 
below 0.9 s.
Table 5: Blood lead levels, memory picture, and digital span 
memory based on gender
Variables Male (n=32) Female (n=25) p
Blood lead levels 2.104 (0.4 – 10) 2.015 (0.4 – 12) 0.872*
Memory picture (%) 63.84 ± 18.55 52.52 ± 26.31 0.1**
Memory digital span 5 (5 –7) 5 (3 – 7) 0.047*
*Mann–Whitney u test. **Unpaired t-test.
The memory picture score of the group that 
received supplementation before supplementation was 
61.4 ± 24.83, while in the control group, it was 55.7 ± 
22.58. There were no statistically significant differences 
between the score of the two groups’ memory picture 
before supplementation (p = 0.292). (Tables 5 and 6)
Table 6: Memory picture scores before and after supplementation
Variables Memory picture score p
Before After
Supplementation group** 61.4 ± 24.83 76.21 ± 15.97<0.01 0.41
Control group** 55.7 ± 22.58 55.91 ± 22.58
**Data are abnormally distributed.
There was an increase in memory picture 
scores that were statistically significant in the group that 
received calcium supplementation (p < 0.01).
There was a statistically significant increase 
in the memory digital span score in the intervention 
group after receiving supplementation for 3 months 
(p < 0.01) (Table 7).
Table 7: Digital span memory scores before and after 
supplementation
Variables Memory digital span p
Before supplementation After supplementation
Supplementation group* 5 (3 – 7) 7 (5 – 7) <0.01
Control group* 6 (4 – 7) 6 (4 – 7) 0.057
*Data are not normally distributed.
BLLs
BLLs of the participant were ranging between 
0.4 and 12 µg/dL with a median of 2.106 µg/dL. 
Samples with BLLs above 10 µg/dL are girls. There 
was no significant difference between the BLLs of boys 
and girls.
BLLs before supplementation in the 
supplemented group, min-max was 2.1–9 µg/
dL with a median of 2.1 µg/dL. While BLLs before 
supplementation in the control group min-max were 
0.4–12 µg/dL. There were no significant differences in 
the BLLs of the control group and intervention group 
before the intervention (p = 0.582). After 3 months of 
calcium supplementation, a decrease in BLLs in the 
group receiving calcium supplementation was found 
statistically significant (p < 0.01) (Table 8).
Table 8: Blood lead levels before and after supplementation
Variables Blood lead level (µg/dL) p
Before After
Supplementation group* 2.1 (2.1 – 9) 0.01 <0.01
Control group* 2.04 (0.4 – 12) 2.02 (0.41 – 12.1) 0.231
*Data are abnormally distributed.
Table 2: Dietary patterns and behavior of the subjects
Characteristics Supplementation group (n = 35) Control group (n = 22)
Drink milk n (%)
Yes 25 (71.43) 15 (68.18)
No 10 (28.57) 7 (31.82)
Frequently eat vegetable n (%)
Yes 32 (91.43) 18 (81.82)
No 3 (8.57) 4 (18.18)
Frequently eat tofu, n (%)
Yes 22 (62.86) 14 (63.64)
No 13 (37.14) 8 (36.36)
Frequently eat eggs, n (%)
Yes 30 (85.70) 18 (81.8)
No 5 (14.30) 4 (18.2)
Roadside snacks, n (%)
Yes 30 (85.71) 21 (95.45)
No 5 (14.29) 1 (4.55)
Hand washing, n (%)
Yes 28 (80.00) 16 (72.73)
No 6 (17.14) 4 (18.18)
Hand washing without 
soap
1 (2.86) 2 (9.09)
Eat other objects than food, n (%)
Yes 13 (37.14) 13 (59.09)
No 22 (62.86) 9 (40.09)
Eat canned food, n (%)
Yes 18 (51.43) 11 (50)
No 17 (48.57) 11 (50)
Nail biting, n (%)
Yes 2 (5.71) 9 (40.91)
No 33 (94.29) 13 (59.09)
Frequent headaches, n (%)
Yes 14 (40) 3 (13.64)
No 21 (60) 19 (86.36)
using a digit span memory test online (https://www.
memorylosstess.com/free-working-memory-test-
online/) (respondents are asked to retype forward 
sequences of numbers that appear on the laptop 
screen, the span used is slow (slow) and short-term 
memory test) (https://www.memorylosstest.com/
free-short-term-memory-test-online/?pton).
Table 3: House’ of the subjects
Characteristics Supplementation 
group (n = 35)
Control group 
(n = 22)
Residence, n (%)
Great roadside 9 (25.7) 3 (13.6)
The highway that is not 
crowded
8 (22.8) 15 (68.2)
The road is not crowded road 18 (51.4) 4 (18.2)
Water source, n (%)
Well water 4 (11.4) 3 (13.6)
Tap water 15 (42.9) 15 (68.2)
Bottled water 16 (45.7) 4 (18.2)
A painted house, n (%)
Yes 33 (94.3) 21 (95.5)
No 2 (5.7) 1 (4.5)
Painted part, n (%)
Inside and outside 17 (48.6) 14 (63.6)
A series of images will appear on the laptop 
screen during the test. When an image appears 
repeatedly, the respondent was asked to press the 
space bar on the laptop keyboard.
The performance was defined as good if 
obtained 90%+ accuracy. Good response time in 
choosing the right image is <900 ms (0.9 s).
In the initial examination, the picture memory 
values score was 64 (4–100) (median [min-max]) while 
the memory picture response time value was 1519.61 ± 
287.96 (mean ± SD). Digital span memory values were 
5 (3–7) (median [min-max]) (Table 4).
Table 4: Short-term memory scores and initial blood lead levels
Variables Scores
Memory picture (%)* 64 (4 – 100)
Memory picture (second)** 1519.61 ± 287.96
Memory digital span* 5 (3 – 7)
Blood lead level*μg/dL 2.106 (0.4 – 12)
*Data are abnormally distributed by median (min-max). **Data are normally distributed by mean ± SD.
B - Clinical Sciences Pediatrics
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Statistically, a significant relationship was found 
between the changes in sample BLLs and memory 
picture scores (moderate correlation) and digital span 
memory (weak correlation) and digital span memory 
(weak correlation). However, the changes in BLLs were 
found not significantly related to memory picture (time) 
(Table 9).
Table 9: Correlation of the changes of the blood lead levels with 
short-term memory scores
Variables Changes in blood lead levels
R p
Memory picture –0.516 0.000
Memory picture (second) 0.251 0.06
Memory digital span –0.386 0.003
Discussion
Lead can affect the brain in various areas, 
including the cerebral cortex, cerebellum, and 
hippocampus [7], [41], [42]. In this research, increase 
short-term memory function is found when the lead 
levels in blood decrease after 3 months of calcium 
supplementation. Since short-term memory score is 
a vital component of one’s IQ score; therefore, the 
increase of short-term memory will enhance the IQ 
score [43], [44], [45], [46]. The results of this study are 
in accordance with the prior findings, in which exposure 
to lead can reduce children’s IQ and impaired their 
learning ability.
Evidence showed that dietary calcium 
decreases gastrointestinal lead absorption and thereby 
will reduce lead toxicity [11], [47]. A large amount of 
experimental data supports the hypothesis of calcium 
supplementation potential roles in lead poisoning 
treatment. Ca-binding proteins have a high affinity for 
Pb [48]. Studies showed that increasing BLL is found in 
rodents with calcium-deficient diet compare with those 
with calcium-sufficient diet [49]. Studies using an isotope 
of Stable Pb in adults with Ca supplementation showed 
a decrease of Pb absorption [50], [51], [52], [53]. Some 
studies showed that there is a correlation of increasing 
dietary Ca with the decrease of gastrointestinal lead 
absorption and BLL, while some studies showed no 
correlation [4], [12], [50], [54]. Lanphear et al. found a 
correlation between BLL and Ca intake in a cohort study 
of 12- to 24-month old children with 900 mg Ca per day.
A 9-month experimental study showed that 
there is no benefit toward baby of Pb poisoning, 
given Ca glycerophosphate supplement (188 mg/L 
vs. 465 mg/L) as the treatment of it. BLL increased 
2.4 µg/dL in the un-supplemented and 2 µg/dL in the 
supplemented group. Interestingly, there was no effect 
of supplementation on urinary Ca excretion or iron 
status [33].
The published data of the potential role 
of Ca supplementation in the treatment of mild to 
moderate children lead poisoning are limited. A single 
uncontrolled study examined the potential effects 
of Ca-supplementation on a Ca-deficient and lead-
poisoned population in China. The source of lead 
exposure in this group was from leaded gasoline usage 
and industrial pollution. Shen et al. provided a total daily 
intake of 800 mg Ca (the recommended dietary daily 
allowance for this age group) to 35 of 49- to 70-month-
old children and to those having 300 mg/day of pre-
treatment Ca intake. The decrease of 10 µg/dL in BLL 
was observed in 2 months, although lead exposure was 
presumably ongoing and changed [55].
In our study using 800 mg/day calcium 
supplementation, we found the difference of 
2.09 µg/dL between the median of BLLs before and 
after 3 months of follow-up in a Ca supplemented 
children, p < 0.01, significantly different (min 2.09 
and max 8.99 µg/dL). Therefore, we conclude that 
a total of 800 mg supplementation will not cause 
toxicity. Although there will be adverse events 
caused by it, such as myocard infarct, constipation, 
colorectal neoplasms, and kidney stone [56]. Short-
term memory score, along with decreasing levels of 
lead in blood, is found to increase and according to 
statistical calculations, the increase is meaningful. 
From this study, it can be seen that if BLLs have not 
or are not at a toxic level, short-term memory scores 
can be better if BLLs are lowered by giving calcium 
supplements. This situation can occur in children 
whose daily calcium intake is low, as experienced by 
respondents in this study.
Physiologically calcium level is determined 
by the levels of Vitamin D in the blood [57]. The 
relationship of serum Vitamin D and whole-blood 
lead is possibly influenced by growth and/or calcium 
homeostasis in some children and adults. Low dietary 
intake of Vitamin D and calcium are known risk 
factors for high bone lead levels. Optimal Vitamin D 
status is known to have beneficial health effects and 
Vitamin D supplements are commonly used. It has 
been suggested that Vitamin D supplementation 
may increase blood lead in children and adults with 
previous lead exposure. In fact, high-dose Vitamin 
D3 supplementation and the concomitant increased 
serum 25D did not result in increased whole-blood lead 
concentration [58].
Socioeconomic status has also received 
attention, is there any effect on lead exposure in 
children [59], [60]. The Third National Health and 
Nutrition Examination Survey (NHANES III) from 1991 
to 1998 examined the BLLs of American children [12]. 
The results showed that 21% of children residing in 
the city compared to 5.8% of children on the outskirts 
of the city had BLLs that were equal to or more than 
the maximum allowed by the CDC which was 10 µg/
dL. When paying attention to the child’s family income, 
it turned out that 16.3% of children with a low family 
income had BLLs of g 10 µg/dL, while in middle-income 
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families, there were 5.4% and only 4.0% of families 
with high income [50]. In this study, more than half of 
participants came from families with income below 
the UMR (i.e., 51.4% in the supplemented group 
and 54.5% in the control group) and children with 
BLLs above the median value were from low-income 
families.
Some of the things that could be a weakness 
in this study were, the researchers did not measure 
the calcium levels and blood Vitamin D levels of 
the respondents before and after administration of 
calcium, the adequacy of respondents’ calcium intake 
was only seen from interviewing daily intake using a 
questionnaire alone and not calculating more precisely 
how much calcium intake is consumed by respondents 
daily. This study also does not use large population 
samples so that BLLs cannot be grouped in a particular 
grouping and no respondents have toxic lead levels so 
that they cannot see more clearly how many lead levels 
can go down with calcium.
Conclusion
We demonstrated that the blood leads levels 
of Al Washliyah Elementary School children who 
are exposed to lead for a long time (school and their 
home are located in areas with high levels of air lead) 
ranging from 0.4 to 12 g/dL, with a median of 2101 g/
dL. Providing calcium 2 × 400 mg supplements for 
3 months can reduce the BLLs of the Al Washliyah 
Elementary School children, who are 8–12 years of age, 
have BLL between 0.4 and 12 µg/dL. After 3 months of 
calcium supplementation, we found a decrease in BLLs 
in the supplemented group, which was statistically 
significant (p < 0.01). The median decrease in BLLs 
in the supplementation group was 2.09 µg/dl (min the 
decrease was 2.09 µg/dL and the maximum decrease 
was 8.99 µg/dL).
Our finding of the providing calcium 2 × 400 mg 
supplements for 3 months can improve the short-term 
memory of elementary school children exposed to lead 
for a long time and the BLLs affect a child’s short-term 
memory.
Prevention must be carried out in preventing 
brain development and behavioral disorders related to 
exposure to lead; by reducing BLLs in each individual to 
the most minimal point is very necessary. For children 
exposed to lead, intake of calcium has to be sufficient 
as the recommended amount according to his/her age. 
For children who are at risk, it is also recommended 
to check the short-term memory and examine their 
BLLs is carried out on all children who are chronically 
exposed to lead.
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